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INTRODUCTION RESULTS I - Photochemical SOA RESULTS Il - Pyridine

Organic material has been observed to comprise a significant fraction of acrosol mass in many regions of the troposphere, but detailed
measurements of the individual species that comprise the organic fraction have been limited in spatial extent and temporal resolution. Knowledge ey 400 E 30.0 30.0 - / Unlike the other mass signals measured by the AOS-PTR-ITMS during the 2006 300
of the organic species present in atmospheric aerosols is needed to understand their effect on aerosol microphysical and optical properties as well n 2007 . Wm o ‘VM ML | | C\:.:. . TexAQS/GoMACCS cruise, m/z 80 did not show a broad enhancement during the | R
as to resolve outstanding questions about important organic aerosol sources and formation mechanisms, and to elucidate the role of aerosols in the i 400 _ L A | ) 2857 257 LY extended photochemically active period near the end of mission (see Figure 3). 208
chemistry of the atmosphere through their interaction with gas-phase compounds. The measurement of aerosol organic compounds poses a ¥ 5003 ’k | | Vi £ Instead, m/z 80 was observed 1n relatively short duration events, typically less |
significant experimental challenge due to the complexity and large number of organic species, and the low concentration at which individual £ o by et MW'W b mWw . s than 2 hours long, and near zero the rest of the time. These events were casily B
species are present. The proton-transfer-reaction mass spectrometry (PTR-MS) technique has proved to be a useful tool in the study of o 400 E 2 s % s ?W seen in the data since there was very little instrumental background at m/z 80. :é vas ]
atmospherically important volatile organic compounds (VOCs). Its ability to sensitively detect and quantify the concentrations of many common ~ 200 E ' M’MW NM B | | 5}‘\,/ ’ ~_". , . Plotting the measured m/z 80 signal on the ship’s cruise track reveals that all of |
VOC:s has led to an increased understanding of the sources, transport, chemical transformations, and loss processes of these compounds through £ 608 K ’ W 06.0] 26.0] / g (o0 N the elevated ¢ d while the shi S - vnae 26.0 ] 5
both laboratory and field experiments. A logical extension of the technique is application to semi-volatile and condensed-phase organic species in = 400 | | 2000 & ¢ eYa © measurémen > OCCUITEE WITIC ThE STIP We.ls Oft STALION h Bar boul 5 | S
the atmosphere. A new instrument that utilizes the PTR-MS technique to probe the organic composition of atmospheric aerosols has been N 2003 " ,M MMM u ’W‘\ et o, 275 275 ] 1000 § Cut., with the eX.cep tion of one event tha‘F OC.CUI‘I'Cd while we WCI‘C. docked at San 275 ] &
- : - - - : = o Siake B L " (. | | ~50 g Jacinto Point (Figure 8). A closer examination of the data taken in Barbour’s Cut | 5
developed. Aerosols are collected by impaction and then thermally desorbed into a carrier gas that transports the organic analyte molecules into a o 1200 | | o . g : . \ Z
drift tube where they are ionized by reaction with H,O" ions. Analyte ions are detected using an ion trap mass spectrometer. The instrument was N 600 % M‘Wm " ”\m o o6 o o o .- w . . . (Figure 9) shows that not all spectra 'c.lcqulred in Barbour’s Cut hafl measurea.ble o e e o
deployed for the first time during summer 2006 in the Texas Air Quality Study aboard NOAA R.V. Ronald H. Brown. & 808 _| tuphap ittt o | bt Longitude Longitude m/z 80 signals, but those that did typically occurred when local winds were light Longitude
S 400 = U W Figure 4: Ronald H. Brown cruise track showing locations of measurements a.nd from a westerly direction (Figure 9) and between midnight and 9 am 10?31 . Figure 8: Ship course showing
E 04 Postgppintirpnnt LY T T g colored by measured (left) m/z 83 signal and (right) m/z 59 signal. time (CDT) (Figure 10, left). The largest events were measured between midnight observed m/z 80 signals
T H E I N S T R U M E N T cq 4000 = and 5 am, most likely within a shallow nocturnal boundary layer. A protonated
£ 2003 ED o o M’W\M M 992 valid ambient sample measurements were made between August 11 and September ton m/z 80 15 an even mdss indicates that the molecul§ (mass = 79 amu) most
3 30003 r ' 11. Signals significantly detectable above the variation in instrumental background likely contains a nitrogen atom. Of the potential candidates at this mass, the most
CG flow E 2000 J l ] were observed at a number of mass/charge ratios, time series for 11 of which are shown !1kely R pyrld}ne (F1gur§ 1. Pyrld%ne 15 a common 1n@ustr1al s.o1vent and 1s psed
vacuum = Tungsten ! 0 5 L e ) L in Figure 1. The signals shown are in units of integrated signal area (arbitrary) per in tl.le. synthesis gf a variety of ghenncal products including pestlcldes.anc.l resins.
7k A =, | [ (et oy vae 00 WMMM i }\ "M\ desorption. Signals prior to August 30 were typically near or below detection limit Pyridine has d hlgh proton afﬁmty (222-3 kcal/mol) and would be easﬂoy IOIlIZC.d .
Sample Flow = I T E 4 AP P \ VPP while the estimated oxidized organic aerosol (OOA) mass (based on PMEL AMS bY.PTR- Pyridine h?S a relaFl.Vely high vapor pressure (~23 Torr @ 27°C) bu.t 1S 9
7 7 | R @ 3000 A measurements) in the 0.5-1.0 pm size range averaged less than 0.25 ug m> and flow quite .SOh.lble and might Partition between the gas and ?CI’OSOl phases. Detecting
Euiln A £ 1000 3 o [M\@M@S NI LAY, was predominantly from the south and southeast (Gulf). Beginning 8 August 30 and pyridine in the gas phgse with the PIT-MS instrument is complicated by t.h?
vacum=_ | L ., 1500 — extending through September 9, significantly higher levels of OOA (average 1.23 ug mr presence of a benzene isotope s1gn?11 at the same m{z. The gas—phase pyridine
HO % "0 E 3) were encountered amid a general increase in products of photochemistry. Signals at signal was reconstructed by removing the benzene isotope signal at m/z 80
e NI .t 1 . . . £ most of the detected masses exhibited a broad increase during this time period (see calculated from a regression of m/z 80 Wlth WZ 79 (main b.enzen.e signal) during
- 8/16/06  8/21/06  8/26/06  8/31/06  9/5006  9/10/06 Figure 3), although the shorter timescale structure differed among the masses, benzene spikes. The observed aerosol signal is plotted against this reconstructed SO e e
P2 R indicating varying composition of the aerosol organic fraction. This could indicate gas-phase signal in Figure 10 (right). The plot is colored by time during the cruise Figure 9: View of Barbour’s Cut
Jih7 PR £ T SEes of i slgnel (@isiiely Unie) slsertee differences in the source VOCs responsible for the organic aerosol mass (SOA), or and the individual events can be seen corresponding to those seen in the time-of- showing observed elevated m/z 80
g 1 ortregion 2L MUISE) @ (TRESES. differences in the degree of photochemical processing of the aerosol-phase organic day plot (Figure 10, left). These results might indicate an episodic emission signals with local wind directions
vacuum compounds. The two strongest signals measured were at m/z 59 and m/z 83. The containing pyridine from one of the industrial complexes near Barbour’s Cut.
e T compounds measured at these masses have not yet been determined, but m/z 59 would
2 153 be the protonated molecular ion for glyoxal, a product of aromatic photooxidation that 4000 = Sep 2 4000
Figure 1: Schematic of the AOS-PTR-ITMS instrument Figure 2: photo of instrument installed aboard % 10 3 \}r \ has been shown to partition into the aerosol phase. m/z 83 is possibly a fragment ion —~ E —~ E
NOAA R/V Ronald H. Brown 2 57 _ M J& from carboxylic acids or di-acids, but additional laboratory work is needed to test this. g 30007 ST 8 Aug 17 £ %000 -
A schematic of the recently developed aerosol organic speciation instrument is shown in Figure 1. The instrument 1s composed of two principal N 0 f The spatial distributions of the observed signals at m/z 83 and m/z 59 are shown in ﬁ — E E 5000 E
components: an aerosol collection/desorption inlet chamber and a custom proton-transfer-reaction (PTR) ion trap mass spectrometer (ITMS). In e 44 Figure 4 by plotting the locations of acquired samples along the ship cruise track and © 3 © 3
order to reach a desired sensitivity for individual organic species in the low ng m= range, aerosol collection was used to concentrate aerosol mass 25 33 indicating the signal level by size and color of the marker. The two signals have g 1000 3 SeP7(S) A“§5 Aug 14 § 1000
for analysis. Aerosol collection was accomplished by direct impaction of aerosols in a ~1.5 liter per minute (Ipm) sample flow onto a cooled target. S ; 2 3 similar, but not identical, spatial extent and the observed maxima occur in somewhat g E g g E N
The aerosol inlet chamber, transfer line, and drift tube were all heated to > 135°C to reduce adsorption of desorbed compounds. The aerosol target @S 1 = different locations (San Jacinto Point for m/z 59, mid-Galveston Bay for m/z 83). A £ 0 ‘: ‘ | E N /‘)"‘
was cooled to ambient/sub-ambient temperature by flowing 5 Ipm nitrogen gas that had been passed through a thermoelectric cooler against the 2 = more detailed time series of the variation of the m/z 59 and m/z 83 signals along with E . E Figure 11: pyridine
reverse side of the target. To desorb the organic material collected on the aerosol target, the temperature of the target was rapidly raised (~ 10 sec) 4000 : L g _ UL R L L L molecular structure.
tq 150—16Q°C by heating the nitrogen stream resistiYely with a tungsten coil. The efficiency of the aerosol. colle(?tion as a function of ae.rosol Q ‘g 3000 _i gllleojvsl?ﬁalzei:gu?e(zé gréi;jgzh(lgﬁfgu;s dotﬁggxsﬁiﬁiﬁgrgiggé I:Ci?gl :[li\el (t)gr)ngiizls are OO:OT(:me O?%ZS ( CD%Z:OO 18:00 PI'?'-(I)VI s gas()-jhase p?/': dine (eZt?ma o d)o 8
diameter is dependent on the nozzle geometry. During the TexAQS study, the nozzle used was circular with a diameter of 0.5 mm. This led to a g S 2000 = , < o , , . . _
small size cut-point greater than 500 nm. The presence of an upstream 1 um cut-point impactor meant that the sampled aerosol size range was only < 1000 = fitends O,f e sifghels end V.arlatlon .Of the composition even while the.AM shows little Figure 10: Plot of m/z 80 signal versus local (CDT) time of day (left) and the
>0.5 — 1 um. The PTR-ITMS instrument developed here is similar to the ion trap based PIT-MS instrument that was used to measure gas-phase 0 change 1n the total OOA signal. Figure 6 shows plots of the correlations of m/z 73 (l.eft) observed correlation between aerosol and gas-phase (after removing benzene
organic compounds aboard NOAA R/V Ronald H. Brown during TexAQS (see Welsh-Bon et al. poster), with several modifications. The drift tube a00d. M B e e and m/z 83 (right) signals Wlth the m/z 59 signal. Both show positive Corr.elatlons with isotope) signals (right).
used was a single piece resistive lead glass tube (Burle Electro-Optics, Inc., Sturbridge, MA, USA), 25 cm long with an ID of 2.35 cm. The o 2 m/z 59, as would be expected if all are products of photochemical processing of VOC:s.
increased length required a higher voltage be applied to the inlet end of the drift tube in order to achieve declustering of ions, however the increased 87 <000 The correlation of m/z 73 with m/z 59 (r = 0.79) is closer than that of m/z 83 (r = 0.70), S
voltage required was significantly reduced when the drift tube was heated. The use of an ion trap as the mass spectrometric analyzer was dictated S 1000 ﬁ\}} M perhaps indicating a more similar formation path or set of precursor species. Figure 7 u m m a ry
by the goal of continuously measuring the entire mass spectrum (high duty cycle at all masses) while desorbing the analytes rapidly in order to 3 2oy _ V . shows correlation plots of m/z 83 (left) and m/z 59 (right) signals with the
maximize the C(?ncentration n th§ carrier gas and shorten the sampling/a.malysis cycle time. The upper limit of the 1on trap mass scan was 367 T T T T T T T e T e T e T T T corresponding signals from the gas-phase PIT-MS measurement. m/z 83 was almost _ _ _ _
Thomsons. During TexAQS, the instrument was operated on an alternating cycle of one ten-minute ambient sample and one five-minute 8/26/06 8/31/06 9/5/06 9/10/06 never present in the gas phase (no correlation), while m/z 59 shows some correlation (r o NeW aerOS()l Organ IC PTR-'TMS |nStru ment was f|e|ded IN Ad COM pleX
background sample with the sample valve closed. The need for the frequent background determinations was motivated by high instrumental : T : : B : ’ : : :
background signals arising fr9m the presence of rubber seals in .the heategl inlet ch.amber, transfer line? and drift tube.. The.differenc.e between ;Ilslusreo% AT(IQ S ItSi sl?eeds S; ;nu/tz) r?l?craonndame{‘f)sfsci 353%3?;2:!5" ;ng 111)e ‘;leh;(})l; Iglfsl_lp;lfosguiieg?rif(gléﬂgxsizzlt?;?suremem, as might be expected since environment
sample and background conditions resultgd 1n some masses having negat%ve basehpes.A photo of the instrument as it was installed in the PMEL#3 >0.5 um) and NO, as a tracer of photochemical oxidation. ‘ ° :)ete CtiOn ||m |t for test a erOSOl OrganiC: 1 0_20 ng m-3
van on NOAA R/V Ronald H. Brown during 2006 TexAQS/GoMACCS is shown in Figure 2.
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* ~12 m length of 1.5 cm ID stainless tubing, 30 liters per minute total flow w0 ,.;,ﬁ, g o0 A g 10 RIS . - A R mass
e 1.5 liter per minute sample flow LR R < € s | g1 £ o0 « Compound identification complicated based on mass alone: glyoxal, methyl
| " ‘. u" ¢ 500 & | ta . : :
e Collected aerosol size range >0.5 - 1 um 0 Mg 0 'y“ . e o = glyoxal, organic acids?
e Acrosol target temp ~27 °C during collection o 100 200 3000 o 100 200 3000 0o 10 20 a0 o 2« & 8 10 e Detection of aerosol phase pyridine and gas-particle partitioning?
. . . . m/z 59 (arb. units) m/z 59 (arb. units) PIT-MS m/z 83 (approx. ppbv) PIT-MS acetone (m/z 59) (ppbv) . . . .
e Alternated 10 minute sample (15 liters of air) and 5 minute background (no flow) runs - | | . . | | o e Working with other data for further comparison and analysis: AMS HOA vs.
igure 6: Observed correlation between different mass signals. Figure 7. Observed relationship between aerosol and gas-phase

OOA, W-TOF AMS data, others

e Typically acquired and analyzed 44 samples per day signals at the mass




